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Introduction
At the aviation enterprises, similar to enterprises of other industries, several types of wastewater are formed. They can be conditionally divided into industrial, industrial-household and surface wastewater [1, 2] . Water disposal systems typically consist of draining networks, pumping stations, purifying plants, and outlets. Technologies of purification depend on the type of wastewater and may significantly differ [3, 4] . At the purifying plants that treat all types of wastewater, significant amount of dangerous sediment is formed, which also needs recycling.
Experience shows that modern water disposal technologies are not always environmentally friendly. Wastewater treatment plants do not always provide for sufficient quality at the outlet (residual concentrations of contamination in them often exceed the established requirements); the ways of sediment recycling often have a significant negative impact on the environment. This leads to the occurrence of environmental risks in the operation of aviation enterprises.
However, the water disposal systems are the objects where, with a certain organization of processes, it is possible to obtain additional alternative energy sources, and due to this, partially or fully satisfy energy needs of an enterprise [5] . Thus, the search for ecologically safe methods of organization of water disposal systems and development of energy-efficient technological schemes of these processes is a relevant problem at present.
Literature review and problem statement
In the course of development of water disposal schemes of an aviation enterprise, it is necessary to take into consideration a number of factors, such as:
-amount and composition of formed wastewater; -possibility and expediency of their treatment at local purifying plants;
-possibility of applying different purification technologies; -possibility and expediency of separating valuable substances (materials) from wastewater and their further use; -possibility of obtaining and recycling (using) of additional power resources at purification plants, etc.
All kinds of wastewater of an aviation enterprise are collected and transported by the system of sewer pipes and channels. These waters can be purified at local sewage treatment plants of an enterprise [6] , or dumped into a city's sewer system for treatment at communal sewage treatment plants [7] . For example, surface wastewater of DP "International Airport "Boryspil" (Ukraine) is treated at its own sewage treatment plants, and industrial-household wastewater is dumped into the sewer network of the city of Boryspil.
There are several methods of organization of water disposal [8] .
A general water disposal system ( Fig. 1 ) has one common water disposal network when industrial, household and surface waters are fed to general sewage treatment plants. Such system is possible when industrial wastewater is close
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in composition to industrial-household wastewater and may be treated by the same technology.
The disadvantage of such a system is that during water disposal proess, mixing of different kinds of wastewater occurs. If industrial or surface wastewaters contain petroleum products and other aggressive elements, they may not be dumped into a city's sewer network, because their getting to municipal wastewater treatment plants can lead to disruption of purification technology. They may have especially negative impact on the operation of biological treatment plants. In this case, it is also difficult to organize the purification process at local sewage disposal plants [9] . Fig. 1 . Scheme of general water disposal system of aviation enterprise: I, II, III -various objects of aviation enterprise (including production halls); 1 -surface wastewater; 2, 3, 4 -industrial-household wastewater and wastewater similar in composition; STP -sewage treatment plant
Separate water disposal systems can be considered more acceptable for aviation enterprises. They can be organized in different ways. Their common feature is existence of different water disposal networks for different types of wastewater. The network for drainage of industrial-household (fecal) wastewater, the network for drainage of surface water (rain and snow water, as well as water from washing improved coatings on the territory of enterprises), the network for drainage of industrial wastewater (petroleum containing, acid containing, etc.). In this case, it may be considered appropriate to use one system to dispose of the wastewater, which:
-contains contaminations similar in properties, and therefore, require similar treatment methods; -has the same aggressiveness; -mixing of which facilitates the operation of water disposal system (e. g. mixing acid and alkali drainage may neutralize the aggressiveness of both). Fig. 2 displays an example of separate scheme of water disposal, in which surface wastewater are drained separately from other wastewater and purified at separate treatment plants. It is advisable to accept such a system when industrial wastewater of an enterprise does not disrupt the operation of treatment plants and may also be treated together with industrial-household wastewater [10] .
If industrial wastewater contains elements that do not allow feeding them to industrial-household sewage treatment plants immediately, it is advisable to use the scheme, displayed in Fig. 3 . In such scheme, the surface wastewater is also treated separately. In addition, industrial wastewater containing specific contaminants, are first originally fed to the industrial wastewater treatment facilities, where these contaminants are neutralized. After that, this wastewater, together with industrial-household wastewater and industrial wastewater that is similar to them in composition, is sent to treatment facilities of the industrial-household sewage disposal system [11] . The quality of purification of wastewater and treatment and recycling of their sediments at all types of sewage treatment plants defines their further impact on the environment, which may be considerable in case of large aviation enterprises [12] .
For example, the state enterprise "Boryspil International Airport" has a separate wastewater disposal system. Surface wastewater of this enterprise is treated at its own surface wastewater treatment plants, and industrial-household wastewater and wastewater of similar composition are dumped into the communal sewer network of the city of Boryspil. However, municipal sewage system of the city of Boryspil today is represented by filtration fields, which are not only morally obsolete, but their technical condition can not be considered satisfactory. This is the reason why the uncontrolled amount of contaminants enters the soil and groundwater along with drainage. This is one of the reasons for significant deterioration of the quality of underground waters and significant rise in their level in the vicinity of the city of Boryspil. In turn, this creates significant environmental risks, when using wells, and causes problems with flooded basements and cellars belonging to the population of the neighboring villages, as well as problems with flooding of some airport facilities. To remedy the situation and to improve the environmental safety of the airport operation it is necessary to construct sewage treatment plant of the city of Boryspil (instead of filtration fields) with reception and treatment of industrial-household wastewater of the airport (the project of construction of such sewage treatment plant is being implemented today), or construction of own sewage treatment facilities of the airport water disposal system.
According to "The Concept of development of the state enterprise "Boryspil International Airport" [13] , when full technical capacity of the airport is reached, which is supposed to account for 66.5 million passengers a year, dumping of only household wastewater by this enterprise will comprise 18 500 m 3 per day. With such volumes of water disposal, the amount of sediment that is formed at sewage disposal plants will reach 180 m 3 per day. These sediment will require recycling. Under conditions of insufficient supply of water resources and in terms of technical problems with discharging the purified sewage into water objects, there arises the problem of possibility of reusing purified wastewater for technical needs [14] . It also requires improving the treatment quality. According to the same Concept, the need of the enterprises for electrical power in future will account for more than 88 MW, and the need for thermal power for heating and hot water supply will exceed 280 MW. In the face of shortage of energy resources, there appears the problem of partial provision of aviation enterprise with alternative power sources of their own.
For rational organization of water disposal of the enterprise, the choice of wastewater treatment technology and purification techniques and ways of recycling of their sediments is very important. Various methods of mechanical and biological or biochemical treatment are mostly used for treatment of industrial-household wastewater and wastewater that is similar in composition.
An example of one of the ways of water disposal arrangement is given in paper [15] . Industrial-household wastewater gets to sandcollectors, preaerators and the primary settling basins for mechanical treatment. Sediment that is formed in primary settling basins is fed to methane tanks for digestion. Wastewater after mechanical treatment is fed for biological treatment to aerotanks, after which it is directed to secondary settling basins to remove active sludge. A part of removed sludge is directed again to aerotanks, and the rest of it is fed to sludge compactors to reduce humidity. After compaction, silt, together with sediment of primary settling basins, is fed to methane tanks. The sediment after anaerobic digestion is directed to the sludge ground for drying. Purified wastewater is disinfected by chlorination, and then dumped in a natural waterway.
This way of arrangement has a number of disadvantages. Mechanical and biological treatment do not always receive the necessary wastewater quality at the outlet of wastewater treatment plants, especially if the content of pollutants in wastewater, which is subjected to treatment, changes. Wastewater is not subjected to additional treatment and, as a result, the potential of obtaining additional power sources is not used. For anaerobic digestion, the methane tanks of a traditional design, which do not take into account the kinetics of digestion process, are used. As a result, poor quality biogas with high content of carbon dioxide is received.
An example of a different way of organizing the wastewater disposal system may be the one, described in [16] . In this way, industrial and household wastewater is mixed in neutralizers, after that it is supplied to primary settling basins. Biological treatment is also carried out in aerotanks, and removal of active sludge is performed in secondary settling basins. Purified wastewater after disinfection by chlorination is used in technological processes. Sediment of primary and secondary settling basins is directed for digestion in methane tanks. Biogas which is obtained during digestion is combusted at the local boiler to produce thermal energy. Sludge, digested in methane tanks, is dehydrated and used as a fertilizer.
The shortcomings of this method of organization is that wastewater is not exposed to additional treatment, and digestion is performed by traditional technologies without considering kinetics of digestion processes.
There are many methods of additional wastewater treatment.
The most common include the following: Feeding wastewater, treated by conventional methods, to biological ponds, which are arranged in the form of artificially created water bodies, where it is treated through natural processes of self-purification [17] .
Directing wastewater to bioplatos of hydroponic type, which are made in the form of open containers, filled with hydroponics that performs the function of filtration load. Hydroplato has a system of drainage pipes for draining filtered water. Higher aquatic plants, which are planted into hydroponics, and which absorb contamination from filtered wastewater during their vital process, are used for purification [18, 19] .
Feeding wastewater to special artificial ground facilities for filtering through the soil, on which the soil plants, capable of absorbing pollution from the filtered water, are planted [20] .
These methods really allow the improvement of the quality of treated wastewater, but they do not allow receiving significant additional power sources. In addition, a common disadvantage of the following ways of additional treatment is that the described plants require allocation of large land areas directly for their location, as well as for arranging sanitary-protective zones around them.
An analysis of recent research indicates that purified wastewater may be directly used for the cultivation of aquatic organisms, capable of removing contamination from them. Microalgae, which may be good raw material for manufacturing liquid biofuel of the third generation, are the most perspective for cultivation; their rate of biomass increase sometimes exceeds the rate of biomass increase of higher aquatic organisms [21, 22] . Among microalgae, suitable for cultivation, we may distinguish culture Botryococcus brounii, within which it is possible to distinguish three races; the dry biomass of most perspective race A contains up to 85 % of hydrocarbons, the composition of which is close to the composition of crude oil [23, 24] .
Despite this, an analysis of modern cultivation technologies reveals the existence of substantial problems, associated, above all, with their essential shortcomings, in particular, technological imperfection of plants which are used.
Cultivation is, in fact, a conversion of solar energy into biomass by photosynthesis, which is conducted in photo- [25] . Sunlight comes to microalgae through the open surface of the liquid. Stirring, which is essential for more uniform illumination of the entire microalgae mass, is usually provided by bubbling of carbon dioxide through the cultural liquid. Common shortcoming of such plants is that they are very susceptible to weather conditions. In addition, the efficiency of using carbon dioxide in them is not high, because at bubbling, its contact with microalgae, and therefore, assimilation by them is negligible. The solubility of carbon dioxide in water under normal conditions is not considerable either, and therefore a significant part of it is lost, coming through an open surface of the liquid into the atmosphere.
The close-type plants are closed tanks, made of transparent material, inside of which the cultural liquid with microalgae is fed [26] . The plants of this type also have disadvantages. They are not susceptible to weather conditions, but their performance is also limited due to low solubility of carbon dioxide in water and because of the complexity of saturation of cultural liquid with it. In addition, at common plants of this type it is difficult to provide for the continuity of the cultivation process.
Initial sediment and active sludge are formed (mechanical treatment) at the stage of mechanical and biological wastewater treatment with the use of conventional plants. Among the basic methods of their recycling, the following methods may be distinguished: combustion, using as building material, burying, using as a filler in recultivation of disturbed areas, using as organic fertilizer on agricultural fields, etc.
Thus, we can conclude that the existing technological water disposal schemes have many shortcomings, do not provide for the proper level of ecological safety of their operation and do not realize the potential capacities for obtaining additional renewable energy carriers during wastewater treatment, processing and recycling of their sediments. It is necessary to develop a new technological scheme, which will make it possible to eliminate these shortcomings.
The aim and tasks of research
The aim of present research is development of environmentally safe and energy efficient technological scheme of water disposal. This scheme should improve the quality of treated wastewater and allow obtaining renewable energy so as to cover partially the energy needs of the enterprise.
To achieve this aim, the following tasks were to be solved: -to explore energy balance during sediment combustion and to demonstrate inexpediency of its application in the new technological scheme;
-to demonstrate the expediency of applying additional wastewater treatment in photobioreactors of the closed type, as well as the appropriateness of wastewater sediment stabilization with the use of anaerobic digestion, organizing the process in accordance with the kinetics of digestion processes and subsequent use of digested mass as organic fertilizer;
-to develop a technological scheme of an environmentally safe and energy efficient organization of waster disposal of the aviation enterprise.
Development of a new technological scheme of
water disposal system
1. Study of energy balance during sediment combustion
The method of combustion is becoming increasingly popular in Ukraine. In particular, PAT "AK "Kyivvodokanal" is implementing the project of construction of sludge combustion line at Bortnitska aeration station, where a significant amount of sludge was accumulated on the sludge fields. The use of this method makes it possible to get rid quickly of large amount of sediments. However it has a number of significant shortcomings. Sediment, removed from settling basins, is moist and requires considerable energy consumption for reducing this humidity and for evaporation its residues before combustion.
Let us consider in detail the thermal balance at the combustion of sediments of traditional wastewater treatment plants of industrial-household sewage, namely the ratio between the amount of thermal energy that is released at combustion of dry organic parts of sediments and the amount of thermal energy which is consumed for moisture evaporation in sediments.
The amount of thermal energy that is released at combustion depends on the content of organic compounds in sediment and specific heat of their combustion. This heat can be defined by the formula
where q org. is the lower heat from combustion of the dry organic part of sediment, MJ/kg; m org. is the part of dry organic mass per 1 kg of moist sediment, kg/kg. The proportion of dry organic mass in moist sediment depends on two magnitudes: sediment humidity w, which is determined by the percentage of water content in it (%), and content of organic part in its dry mass с, which. in turn, is determined by the mass percentage (%). Thus, this part may be defined by the formula
The amount of thermal energy, which is necessary to consume for evaporation of moisture is completely determined by sediment humidity and may be defined by the formula
where q evapor. is the total amount of energy, which is necessary to consume for heating and evaporating 1 kg of water, MJ/kg. The humidity of sediment, removed from settling basins and compacted in sludge compactors, ranges mainly within 96...98 % and the organic matter content in their dry mass mostly ranges from 65 % to 75 % [17] . Dependence of magnitude of the part of dry organic mass of raw sediment on their humidity for two extreme values of the organic matter content in their dry mass, is calculated by (2) , and displayed in Fig. 4 . Fig. 4 shows that at the change in sediment humidity only by 2 %, the part of dry organic mass in sediment changes twice as much. This demonstrates one of the key roles of humidity in combustion process.
The lower heat of combustion of dry organic sediment part q org. depends on the composition of wastewater and may fluctuate within 16.8…27.8 MJ/kg. The total amount of thermal energy that is consumed for heating and evaporation of 1 kg of water makes q evapor. =4,2 MJ/kg [17] . Fig. 5 shows the dependence of the amount of heat, released during combustion of one kilogram of sludge, compacted in sludge compacting plants for two extreme values of the lower heat of combustion of their dry organic parts at two extreme values of the organic matter content in the dry mass, on their humidity, calculated by (1) . It also shows the dependence of the amount of thermal energy, which is consumed for evaporation of moisture from one kilogram of such sediments, on their moisture content, calculated by (3). 5 displays that at the combustion of sediments, compacted in sludge compactors, the amount of thermal energy, required for evaporation of moisture by some times exceeds the amount of thermal energy released during combustion. That is, energy balance under such conditions is negative and the process requires additional fuel for combustion.
After mechanical dehydration, the sediment humidity may range within 75...85 %. Fig. 6 displays dependence of the magnitude of the part of dry organic mass on humidity of such sediment for two extreme values of the content of organic matter in their dry mass, calculated by (2). From Fig. 7 it may be seen that during the combustion of sediments with lower heat of combustion of their dry organic part q org =16.8 MJ/kg, even their compactness to humidity of 75 %, almost never gives a positive energy balance. During combustion of sediments with lower heat of combustion of their dry organic part q org =27.8 MJ/kg and the organic matter content in their dry mass of c=75 %, in order to obtain positive energy balance, it is necessary to compact sediments to humidity of less than 83.2 %, while at c=65 % -to humidity of less than 81.1 %.
When making final decisions on appropriateness of applying this method of disposing of sediments, it is necessary to take into account the energy consumption for their mechanical dehydration. Thus, the lack of significant power gains at combustion makes the use of this method of sediment recycling impractical in a new technological water disposal scheme.
It should be noted that during sediments recycling by using them as an additive to building materials or for recultivation of disturbed areas, the need for considerable energy consumption for the preliminary drying also arises.
They do not allow receiving potentially possible renewable sources of energy either.
The use of sediments as organic fertilizers on agricultural fields requires its preliminary stabilization. Unstabilized sediment is environmentally hazardous because it might contain pathogenic microflora, the larvae of which are able to survive in the environment for years. In addition, such sediments tend to rot with releasing greenhouse gases to the atmosphere: methane and carbon dioxide.
One of the most promising methods of stabilization may be anaerobic digestion, which makes it possible to get energetically valuable biogas and environmentally safe organic fertilizer [27, 28] .
2. Formation of a new technological water disposal scheme of aviation enterprise
The proposed technological wastewater disposal scheme of the aviation enterprise is based on the previously developed technologies and design decisions. Its components include the previously developed design of photobioreactor of the closed type, proposed in [29] , as well as developed earlier technology of stabilization of wastewater sediments by intense anaerobic digestion, proposed in [30] . This technological scheme also involves the use of traditional plants for purifying industrial-household wastewater by methods of mechanical and biological treatment.
Technological water disposal scheme of the aviation enterprise is shown in Fig. 8 . For its implementation, the water disposal system must be separate. The technological scheme operates in the following way. Industrial-household wastewater and wastewater similar to it in composition from the objects of enterprise 1 arrive at treatment plant 2, which consist of traditional plants of mechanical and biological treatment. After the sewage treatment plants, wastewater is directed for additional treatment to photobiocollector 5, the design of which was made considering the proposals from [29] . Microalgae for cultivation, as well as the part of carbon dioxide, obtained from plant of anaerobic digestion 3, are fed to the photobioreactor. In addition, smoke gases form local power plants, which also contain carbon dioxide, required for photosynthesis, which were purified form unwanted impurities at plant 7, are also fed to the photobioreactor. The wastewater, additionally treated during cultivation, is fed for discharging to the water bodies and flue gases with lower content of carbon dioxide, saturated with oxygen, which was produced during the process of photosynthesis, are discharged into the atmosphere.
The harvest of microalgae, removed from the photobioreactor, is fed to the plant, which removes oils and produces liquid biofuel of the third generation 6. A part of the produced biofuels is fed to the local thermal and electric power station 4 to generate thermal and electrical energy, and the rest is used as commercial biofuel. The residual microalgae biomass that remained after removing oils is fed to the plant of anaerobic digestion 3.
The wastewater sediment, which is formed during mechanical and biological processes of purification at sewage treatment plants 2, is mixed with microalgae biomass and fed to the plant of anaerobic stabilization (digestion) 3, technological scheme of which is organised by the proposals [32] . A part of the biogas, produced at plant 3 is directed to the local thermal and electric power station 4, equipped with cogeneration plants, for combustion and production of thermal and electric power. The biogas surplus is used as commercial biofuel. Thermal and electric energy, produced by thermal and electric power plant, is used to meet the needs of the enterprise.
Flue gases of cogeneration plants of thermal and electric power plants are sent to plant for flue gases treatment 7, after which they are fed in photobioreactor 5 for using carbon dioxide, existing it them, in the photosynthesis.
Discussion of a new technological water disposal scheme of the aviation enterprise
We proposed the organization of additional wastewater treatment by using them as cultural liquid for growing microalgae Botryococcus brounii in photobioreactors of the closed type with continuous organization of the cultivation process, which must be constructed using the design, proposed in [29] . The main structural element is the cylindrical photounit made of transparent material, located horizontally, to which the purified wastewater with added microalgae seeds is periodically fed through the inlet opening and is removed with their harvest through the inlet opening. The photounit is equipped with devices for feeding carbon dioxide and microelements inside. In addition, its gives the opportunity to work under excessive pressure, increasing the solubility of carbon dioxide in water, improving its assimilation by microalgae and increasing their growth rate. The wastewater, removed from photounit, is proposed to be directed for microalgae separation from it, which can be carried out by centrifuging, and after disinfection it is proposed to be used for technical water supply of the aviation enterprise or to be discharged into water. A part of the cultivated microalgae is proposed to be fed back to the photounit along with a new portion of wastewater for further cultivation. The rest of wastewater is directed to the plans for removing oils rich in hydrocarbons with further production of liquid biofuels of the third generation [31, 32] . After removing oils, the microalgae biomass is proposed to be directed to the anaerobic digestion plant along with the sediment, obtained during the mechanical and biological wastewater treatment.
The proposed technological scheme implies anaerobic stabilization (anaerobic fermentation of wastewater sediments along with the waste of microalgae biomass at plants, implementing the process, described in [30] . It involves four successive stages of digestion process, such as hydrolysis, acidogenesis, acetogenesis, and methanogenesis in accordance with the kinetics of digestion processes. The optimal medium conditions for various stages are known to be different. In some cases, they are almost opposite [33] . For example, the acid environment with low pH is favorable for effective functioning of acidogenic microorganisms that provide for a flow of acidogenic stage. In this case, the high activity of acidogenes makes it even lower. However, it is not favorable to the metabolism of methanogenic microorganisms, responsible for producing methane at the methanogenic stage and decreases the final biogas output. Alkaline medium with high pH is favorable for methanogenes, but inhibits the activity of acidogenic microorganisms. This leads to the fact that at the stage of acidogenesis, a smaller quantity of acids is formed, which is in future the material for the formation of acetate at the stage of acetogenesis and then of methane at the stage of methanogenesis. The final outcome is also a decrease in the output of biogas. If the whole process of grinding takes place in the same tank, it is very difficult to maintain the optimal balance of pH for activity of both acidogenes and methanogenes. It is clear that a perspective method of the intensification of digestion process as a whole is separation of its individual stages in space. Accordingly, the plant for digestion consists of four separate tanks, in which the optimal conditions for hydrolysis, acetogenesis, acidogenesis and methanogenesis are successively created. The hydrolysis stage flows without release of gaseous products. At the stages of acidogenesis and acetogenesis, the conditions for active formation of acids and active release of carbon dioxide in gaseous form with its independent removal from the plant are created and methane formation is prevented. At the stage of methanogenesis, the conditions for the active conversion of acetogenesis products into methane are created and carbon dioxide formation is prevented [32] . Thus, at the outlet from the digestion plant it is possible to obtain an organic fertilizer, in particular carbon dioxide, which is used to provide for the process of photosynthesis in photounit, as well as biogas with a high content of methane (up to 95 %) to use for the production of thermal and electric power at cogeneration plants.
Thus, the technological water disposal scheme of the aviation enterprise is a continuation of previous developments. It involves the use of both structural elements of the technological scheme of anaerobic stabilization of wastewater sediment, proposed in [30] , and of previously developed design of the photobioreactor, proposed in [29] . Unlike traditional technological schemes, the implementation of the developed technological scheme will allow realization of the potential possibilities of obtaining renewable energy resources in the process of wastewater treatment.
For successful implementation of this technological scheme, it is necessary to carry out further research concerning the influence on the processes of microalgae cultivation and anaerobic stabilization of organic substrates of concentration of various impurities that may be contained in wastewater. In particular, for its application at aviation enterprises, it is necessary to define maximum permissible concentrations of petroleum products in wastewater, and for its use at municipal water treatment plants, it is essential to define maximum permissible concentrations of heavy metals in wastewater sediments.
Conclusions
1. It was determined that to improve environmental safety of aviation enterprises, when using both the general water disposal system and the separate water disposal system, and applying traditional mechanical and biological treatment methods, there is a need for additional purification of wastewater and for improving the ways of treatment and recycling of their sediments.
2. It was found that when using modern methods of additional wastewater treatment, there is a need for allocating large areas for the location of water treatment plants, as well as for arranging sanitary-protective zones around them. It was also found that modern methods of sediment disposal do not allow in sufficient degree receiving the potentially possible renewable energy sources.
3. It was determined that an expedient method of additional wastewater treatment is to use wastewater as a medium for cultivation of energy microalgae in photobioreactors of the closed type with subsequent production of liquid biofuels of the third generation. Botryococcus braunii was defined as an appropriate culture for cultivating. It was also determined that the method of sediment combustion is impractical for using. Instead, the expedient method of treatment and recycling is anaerobic digestion when the process is organized in compliance with the kinetics of digestion processes and subsequent use of digested masses as organic fertilizer.
4. A technological wastewater disposal scheme of the aviation enterprise was developed, which allows us to obtain an environmentally safe organic fertilizer, completely or partially to provide for own needs in thermal and electrical energy, to obtain commercial biogas, liquid motor fuel and carbon dioxide. This technological scheme involves a partial use of the wastes of one of its constituent elements as a raw material for obtaining products at its other components. Thus, the scheme functions as a partially closed techno-ecosystem of the second type.
